Sigma Quality Levels are statistical indices that can play an important role in establishment of more reliable and robust surgical processes. This article aims to highlight the value of interpreting sigma levels as a modern means of both the efficiency and success rate of nine different type of eye surgery processes involved. Data were compiled from a comprehensive study of multiple sources-all based on medical practices-carried out in a range of eye care hospitals throughout Turkey. It is found that the eye surgery processes in Turkey operates at an average of 3.4816 sigma level. This corresponds to a DPMO of 23,725 and a yield of approximately 97.63% in 7292 surgeries. Thus, Turkish eye care hospitals have to make significant changes to drive to a 6σ level performance.
Introduction
During the past three decades, profound tecnological advances such as lasers, molecular genetics and immunology, have occurred in the diverse fields of medicine [1] . This progress has encouraged similar advances in almost every aspect of ophthalmic practice. The implementation and adaptation of so much information lead to
Methodology
In recent years, Six Sigma has become the most popular quality and process improvement methodology which strives for elimination of defects in the processes whose origin is traced back to the pioneering and innovation made at Motorola Company and its adoption by many manufacturing and service companies worldwide [13] . It is improving the outcomes of modern healthcare processes today [14] .
Six Sigma Methodology is a statistical approach to measure variance incorporating normal distribution.The more standard deviations (σ), i.e. an indicator of the variation of the process, the more capable is the process. A Six Sigma process means that 6σ equates in percentage terms to 99.99966% accuracy or to 3.4 defects per million opportunities (DPMO) to make a defect (Figure 1) .
Sigma Quality Level is a measure used to indicate how often the defects are likely to occur. It is a simple statistic that puts a given defect rate on a "six-sigma" scale and measures the quality maturity of the process. Here, sigma is a mathematical term and the key measure of variability. It emphasizes need to control both the average and variability of a process. According to [15] , most companies produce a defect rate of between 35,000 and 50,000 of DPMO which equates to a sigma quality level of 3σ to 3.5σ. Table 1 shows different Sigma levels and associated defects per million opportunities. The statistical representation of Six Sigma describes quantitatively how a process is performing. For example, 1σlevel indicates that it tolerates 690,000 defects per million opportunities with 30.9% yield. 6σ level allows only 3.4 defects per million opportunities with 99.99966 yield. This means that 6σ is not the same as zero defects, however, it is a significant threshold of performance ( Table 1 ). 
Six Sıgma's DMAIC

Define Phase
The primary objective of Six Sigma is to reduce variations, in products and processes, to achieve high quality levels. To identify weaknesses and eliminate defects in the process, Six Sigma makes use of a structured sequence of steps called DMAIC (Define, Measure, Analyze, Improve and Control) and finds the root causes behind problems to reach near perfect processes.
In each hospital under study, a Six Sigma team was gathered from a surgeon, nurse and technician. As the desired outcomes, the teams first defined the objectives of their surgical processes ( Table 2) .
The team defined a "complication" as a defect, i.e. any unwanted outcome inhibiting the patient to be cured and stable which compounds the illness and decreases the patient's quality of life or prolongs the planned hospital stay [13] . They noted the complications as they occurred. They stated that the surgical process with less amount of complications has higher success [16] . Thus, they used DMAIC to analyse, improve and modify the complicated ophthalmic processes by identifying and eliminating root causes of the complications. Table 2 records the results of a range of eye surgeries, their length of duration and their success rates measured on the sigma level. While the duration of surgeries varies between surgery types, it may also be different within the same surgery type depending on the amount of time it takes to achieve the objective.
Measure Phase
The team calculated the sigma level of each complication and type of surgery from DPMO ( Table 2) . DPMO is calculated from Equation (1) as follows [13] : 
where A is the total number of surgeries performed and B is the total number of complications occurred. Then, DPMO is translated to a Sigma level of Z-statistic. For a given sigma level, the DPMO is provided, assuming normality and a 1.5 sigma shift [16] . The higher level of sigma indicates a lower rate of complications and a more efficient process [16] . A total of 7292 procedures have already been carried out. Among the nine types of surgeries, phacoemulsification cataract surgeryyielded the highest sigma level (3.9580), whereas trabulectomy did the lowest (3.1391).
Alternate methods (e.g. Lasik surgery vs Intralase surgery; phacoemulsification cataract surgery vs cataract surgery in patients with pseudoexfoliation syndrome) demonstrate that lasik surgery (3.7135) and phacoemulsification cataract surgery (3.9580) result in having more successful surgerical processes than IntraLase surgery (3.3547) and cataract surgery in patients with pseudoexfoliation syndrome (3.7030), respectively.
Sigma levels for all surgery types were found to be under 4.00 sigma level indicating that all processes need improvement and preventative/corrective actions. From the sigma levels per surgery type in Table 2 , the average is measured and found that the eye surgery processes in Turkey operates at a 3.4816 sigma level. If it were assumed that each surgery yielded at most one complication, this level would correspond to a DPMO of 23,725 and a yield of approximately 97.63% in 7292 surgeries. This means that the Turkish eye care hospitals have to make significant changes to drive to a 6σ level performance.
Then, the team prioritized the complications according to how serious their consequences were (i.e. severity score) and how frequently they occurred (i.e. occurrence rate). They determined the severity of each complication and assigned scores for them. The severity of each complication was scored from 1 to 4 (i.e. a complication with no harm = 1; temporary harm = 2; permanent harm = 3; death = 4).
Severity score for all the observed complications per surgery type are listed in Table 3 along with their occurence rates (%) and sigma levels.
Analyze Phase
The teams evaluated each process while attempting to assess the multipleCritical-to-Quality (CTQ) factors that cause each acute, sub-acute and chronicpre-, intra-and post-surgical complication ( Table 4 ). By brainstorming, the team identified the quality factors affecting each process. They determined that the complications were caused by the surgeon, assistant surgeon, nurse, technician, anaesthesiologist, patient, donor cornea, equipment, materials and hygiene. Then, they analyzed the processes depending on the effect frequency of each quality factor. Then, they separated these factors according to how frequently they affect the process and cause a complication: "Vital few" CTQs are those factors that affect the process the most and are often the main sources of the complications ( Table 4 ).
Improve Phase
The Six Sigma team recommended the following improvements in the eye units:
The demand of everyday life places an ever increasing burden not only on the active surgeon but also on all members of his inherent team. The team must be trained on Six Sigma; understand Six Sigma philosophies and principles, including the supporting systems and tools and understands all aspects of the DMAIC model in accordance with Six Sigma principles.
The burden and pace of ophthalmic techniques places an obligation on both the surgeon and his team to make every effort to adapt, whenever possible, to ensure that all modern techniques are well known, practised and when required revised and improved by his team through constant consultation and feedback.
Being the black belt who leads problem-solving projects, the surgeon has to demonstrate team leadership. The focus of all success in this ophthalmic endeavour falls on the shoulders of well-qualified, updated, experienced and efficient surgeon. A surgeon needs to be knowledgeable, experienced, procedurally skilled and have good judgment. These include the knowledge of the tools, instruments and materials used, anaesthesia, the knowledge to treat injury and understanding of the techniques and indications of the types of surgical procedures. The absence of any of the above qualities will impair his surgical procedure.
Any ophthalmic surgery demands qualifications that are obtained by special training and skills. However, no matter how carefully planned and supervised a training program, some complications cannot be prevented. Thus, a required part of surgical training must be experience with complications and unexpected events. These criteria are self evident to a proficient surgeon. Without required knowledge and experience, they will be unable to cope with such situations as will arise. Thus, an essential component of a fully developed surgeon comes from diligent experience in situations where complications and unexpected events arise.
The surgeon must maintain a highly flexible approach to learning as many of the details even though some of the principles may change with time. Refinements and improvements develop at such a remarkable rate that every surgeon must realize that techniques widely used today may be outdated in the very near future. In fact, this flexible approach to learning is a requirement for reducing the number and type of complications and thus, improving the overall surgical process. The surgeon should be well-prepared for the surgery. This requires knowledge of the desired goals, the patient, the materials used, the techniques employed and oneself. In addition, the surgeon must be in control of the whole procedure, including what happens prior to the actual surgical procedure, what happens in the operating room, including the surgical team and the appropriate surgical technique.
Even before the surgery starts, the qualifications of separate individuals and how well they function together as a team is paramount to the success of the procedure about to be undertaken. No individual is too important or unimportant simply because the procedure does not flow freely. However, each surgical procedure, while independent, still depends on the separate efficiencies of the individuals involved.
Because a successful team functions throughout surgery as a medical entity, each member is in effect a subset of a larger unit. As each team is comprised of the sum of its parts, the burden of success is shared by each team member to the degree that the other members of the team rely on them. No individual can be considered as too important or unimportant, high and low of the attempt of the impending surgery is to be a success.
Recent technological developments has dramatically changed surgeon's roles by providing the means for surgeons to be more effective [17] . What is more, very convincing improvements in the surgical instruments and materials have resulted due to these open-ended advances. However, the techniques used are being adopted so rapidly and extensively that a single surgeon cannot possibly be fully competent in all aspects. The surgeon's success will depend in no small part on the quality and type of the range of materials (e.g. suture, intraocular material) he has at hand. He is required to be fully satisfied and perform regular checks on the materials he uses as they will no longer be visible on completion of surgery. Examples of these are a comprehensive knowledge of the range of intraocular material, their restricted usage and their mean life time. A surgeon's updated knowledge and comprehension of the best dosage and frequency of e.g. drugs, agents, silicone oil, gas, is always required dealing with the age, condition and seriousness of the condition being treated.
In the midst of the surgical procedure, a surgeon must not divert his attention. The sole purpose of his work is efficiency in achieving as best he possibly can a successful outcome to the patient he is presently attending. To achieve this success, a proficient and professional atmosphere must be maintained (e.g. no external distraction, no annoyances within the workplace, no potential disturbances from outside during functional hours) where everybody knows the sequence, the dangers and the precautions which are required on completion of the surgery.
A clear indicator of a surgeon's efficiency and care for his patient will be decided by the quality of the instrumentation he uses everyday in his surgery. While the best equipment may not always guaranteee the perfect result, it is a statement by the surgeon that he approaches all surgery in the most professional manner.
Ensuring good visualization of the surgical field is an essential principle. Seeing clearly requires proper direction and intensity of lighting, proper positioning of the patient, skillful assistants, proper positioning of the surgeon's hands and competence in the use of approporiate optical aids.
Every professional category learns best from within its own circle. For this reason, assistant surgeons require exposure frequently on the present and new techniques being practised within the operating room. It can also be of great value to have readily written reference available in the operating room so that junior team members have access to them at all functional times.
For people who encounter ocular health problems resulting in e.g. poorer vision; the treatment and quality of eye surgery available is of special importance. Ophthalmic patients often require excellent medical, surgical and emotional care. However, complete success is not an invariable outcome of surgical treatment. Thus, patients must be prepared to accept results desirable than hoped for. Each patient is unique with his or her nature, needs and wants. Thus, surgeons must understand the unique qualities of each patient at each interaction and patient's response to disease. It is also vital that the patient must have confidence in his or her surgeon, and that the confidence is deserved.
Nurses are trained to become the green belts of Six Sigma projects. They must assist the black belt surgeon with data collection; analyzing and solving quality problems. Assistant surgeons are the yellow belts as theyhave a small role, interest, or need to develop foundational knowledge of Six Sigma, whether as an entry level employee..
Nurses must make sure that noone in the staff breaks the hygiene rules since the success of any medical procedure must begin with strict adherence to hygenic standards. In addition, those higher up in contact with a patient throughout surgery bear a heavy burden to ensure success as maintaining hygenic standards and practices. Infections are a major cause of preventable ocular morbidity. The surgeon and his team should be alert to the possibility that ophthalmic instruments are improperly sterilized and contaminated ophthalmic solutions are infected. Hands also play a major role in the transmission of infection. They should be washed or disinfected before and after the examination of every patient.
The advent of improved products such as lenses requires the surgeon to pay close and consistent reference to the new products available so as to ensure the ocular health of his patients. Constant reference to catalogue results will help him to choose the proper item or range of items.
Prior to undergoing any surgical procedure, a detailed examination of the overall health and specific ailment of the patient must be prepared by the most proficient professional. Any additional conditions (e.g. diabetes) must be clearly brought to the teams' attentions and in the weeks before surgery occurs. The same condition should be checked by both the local doctor and the patient.
Throughout surgery, the patient will respond to its alien surrounding if he has clearly been informed of the stages required in the simplest possible language and if required, this knowledge can be repeated in a friendly manner. A clear contrast exists here between a team who are functioning together daily and a patient who is experiencing this procedure for the first time in foreign surroundings. The success of the patient is more important than the success of the procedure although the patient's health has without doubt dependent on the procedure just carried.
As soon as a patient leaves surgery, he is at his vulnerable requiring regular and friendly checkups to ensure the patient is getting better. Contact with members of family can help to ensure the patient is relaxed after surgery and also gives the surgeon an occasion to mention any potential complications which may result from the procedure just finished.
Subsequent examination of the patient's recovery visits must be carried out by the best qualified individual appointed by the surgeon with steady contact being available to surgeon to report and record any potential complications.
Follow-up examinations by the surgeon or his team also require a realistic assessment of the patients' post-operational recouperation with any complications being dealt with as quickly and efficiently as possible. A few words of encouragement by the medical team to describe the procedure carried out on the patient as having been successful will go a long way to remove the natural worries a patient will always have. The patient needs to know how best he can part take in his own recovery. Such aids as eye drops and regular eye washing with a reputed eye lotion and informing the surgeon of any potential infection will be necessary.
Control Phase
To keep the surgical processes under control, the team initiated and implemented the improvement plan. Although it was subject to revision with a view of standardising the tested improved surgical processes, knowledge gained from corrective/preventative recommendations was shared and institutionalised.
Conclusions
This study has shown potential use of Sigma Quality Level as a statistical index that provides a quantitative measure of the capability of specialised eye care processes. Sigma level can both be used as an organizational or industrial metric in healthcare.
A sigma level is a measure of the error rate of a process, based on the DPMO estimate. It offers an indicator of how often complications are likely to occur, where a higher sigma level indicates a process that is less likely to create complications. Consequently, as sigma level of quality increases, reliability of the surgery improves, the need for reoperation diminishes, follow-up time declines, surgery duration length goes down, costs go down, and patient satisfaction goes up. In addition, sigma level can be used to measure the occurence of a complication or the success rate of a surgery. A surgery that yields a low number of complications will have a high sigma level.
By determining the sigma level, practitioners can make use of Six Sigma's DMAIC to prevent the occurrence of complications. First, CTQs should be determined. Then, preventative measures should be undertaken for each complication. This will remove variation from ophthalmic processes and fewer complications inherently result. A reduction in complications can, in turn, help eliminate waste from processes in the following ways: fewer complications decrease the number of materials that must be scrapped; and fewer complications also mean that energy, costs (e.g. insurance cost, re-operation cost, psychological burden, cost of labour, materials cost, training cost) and time to follow-up and re-work the patient to fix the complications are eliminated.
To achieve such continuous improvement by Six Sigma, leadership commitment is necessary. Eye care center's top management (and surgeon as a black belt in Six Sigma projects) is in a position to initiate Six Sigma deployment and play an active role in the whole deployment cycle. Six Sigma starts by providing senior leadership with training in the Six Sigma principles and tools, and it needs to direct the development of a management infrastructure to support it. This involves reducing the organizational hierarchy levels and removing procedural barriers to change.
The return on investment gained from the information and knowledge the DMAIC tool creates can be substantial. This tool requires a great deal of coordination within the team. If achieved, it can greatly improve a eye care processes' ability to be controlled and analyzed during process improvement projects.
Throughout this study, attention has been given to the best available information at hand and is presented in a factual manner, to be of use to the greatest possible range of medical personnel.
The proposed method is versatile enough to incorporate any further clinical developments which take place into the future. The medical world plays no small part in the updating of their operational results so that all involved can have a realistic scale of medical procedures. A databank, reviewing and updating sigma levels, needs to be established and directed through a range of medical practitioners with thte most updated qualifications in their varied range of eye surgeries.
A variety of different headings would be required to ensure that this method will have the success rate in highlighting and correcting any complications which result from the surgery technique used.
The Six Sigma methodology has proved both informative and versatile in addressing the core facts and it is our belief that it can easily been adapted to suit a range of studies in other related or distinct fields of medicinedentistry, anaesthesia and orthopedics to name a few.
